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PREFACE
The primary purpose of this paper is to set forth some of the basic
characteristics of colors and their application to the industrial arts
laboratory.

This paper is also intended to emphasize some of the ways

that color affects learning and the learning environment.

This material

is intended to be used as a guide for detennining what should he considered
when applying modern color technology to the industrial arts laboratories
in the schools of today.
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INTRODUCTION
Functional color serves a multitude of purposes in our society
today.

Color is being used by business, science, industry, and

education, to promote sales, interest, and safety.

If color serves

all of these purposes, then it stands to reason that color can be put
to good use in the industrial arts laboratory.
The development of color programs for use in schools has been
rapidly advancing in the past few years.

A few of the large paint

companies now have extensive special facilities designed to

stim~late

the use of color for the purpose of promoting the physical and psychological well being of the student, as well as for general safety purposes.
Some experts feel that color can seriously affect the learning
process', and aid in reducing the number of accidents in the industrial
arts laboratory.

Yet, the effective use of color is being ignored by

far in too many schools.

The majority of the schools of today have

departed from the drab, colorless atmosphere of the past, but ali too
often, the use of color is poor.

That is, it is not being used

effectively.
Color cannot be effective unless a well planned, well organized
program is followed.

Color should not be used solely for the purpose

of brightening up a room.

It should be used to build up a comfort-

able, emotional, and physical enviromnent, and to develop safe pracices in the industrial arts laboratory.

The effective use of color is a complex operation and should not
be attempted without conferring with experts in the field.

The color

2

consultent is becoming a key number in the planning of the modern
schools of today.

The knowledge that color and light are inseparably related has
focused attention on the role that color plays in the construction
of a desirable learning environment.
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COLDR AND ITS APPLICATION TO THE

INDUSTRIAL AR'rS LAOORA1'0RY
Color and Lighting
Illumination plays a very important part in the use of color
in the industrial arts laboratory.

Color and lighting are related to

the extent that without one, the other is virtually useless.

Without

color, a room can appear very drab, even with more than adequate illumination.

Without sufficient illumination, even the brightest of

colors will lose their effectiveness.
The primary purpose for lighting in the school is to provide
enough of the right kind of light so that the students and instructors
can see comfortably and efficiently, without undue distraction and eye
fatigue. 1 With these factors in mind, the elements involved in lighting
the industrial arts laboratory can be discussed.
Factors of

~

Lighting

The ability to see should be considered from the stanc\point of
several variables:

size, contrast, time, brightness level, and the

quality of lighting. 2 These variables are very important because
proper lighting has to be provided to allow for these variables.

It

1.American Institute of Architects, Illuminating Engineering
society, and the National Council on Schoolhouse Construction,
American Standard Guide !.£!: School Li2hting (New York: Illuminating
Engineering Society, 1962}, p. 8
2Ibid., p.9
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would be virtually impossible to provide exactly the right amount of
illumination for each different seeing task in the laboratory.

The

size of the object, the contrast to the background, and the time it
is to be worked on, all will vary irrunensely.

The brightness level and

quality of the lighting will also vary with the age of the lamp and
the amount of dirt and dust that is allowed to collect on the lamp.
Bearing the above factors in mind, some general rules to follow
should be formulated.
purpose are:

Four elements that might be considered for this

lighting should be free from glare, produce no shadows,

be the right kind and color, and be sufficient in quantity.

If these

four elements are taken into consideration, the desired results should
be obtained.
~

Sources

Light

There are three sources of light available for illuminating our
schoolrooms of today.
escent. l

These are:

daylight, incandescent, and flour-

Each type has characteristics which make it desirable in dif-

ferent situations.
If daylight is used, colors should be selected according to the
nature of the light.

Where warm southern exposures are present, a cool

color, such as blue or blue-green, should be used.

If the light is from

the north, which is a cold light, a wann color, such as yellow or buff,
should be used.
used.

If the light is from the east, gray should be the color

If the light is from the west, green is the color to use.2
Incandescent light produces a slighly yellowing effect and reduces

the strength and intensity of colors. 3
libid., p. 17

2National Safety Council, "Color in Industry," Data Sheet 219,
(Chicago: National Safety Council, 1951).
~
~
3 Ibid.
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Flourescent lighting j.s of three types, white, daylight,
and soft white. Daylight units give a bluish hue and can be
used with blue, blue-green, green, and blue violet. Since orange
is the complement of blue, the use of orange paint with this type
of . flourescent light would produce a muddy color. White and
soft white flouresccnt units produce a warm light suitable for
ivory, cream, beige, rose, and tan, A nuetral gray can be used
with incandescent and flourescent, or mercury light. 1
Of these three types, the

flo~rescent

lamps are generally used in

schools because of their economy and range of colors.
!ypes of

Lightin~

Systems

There are five classifications for lighting systems:

Indirect,

Semi~Indirect, Direct-Indirect, Semi-Direct, and Direct. 2 With the
Indirect system, 90 to 100 per cent of the light is directed upward
to the ceiling and upper walls.3

High reflectance matte finishes are

recott1nended for getting the most efficiency from all of the lighting
systems that employ light indirectly •

With the Semi-Indirect system,

60 to 90 per cent of the light is directed toward the ceiling; while

10 to 40 per cent is directed downward toward the work surface. 4

With

the Direct-Indirect system, the percentage of light directed upward is
equal to that which is directed downward.
the total output of the lamp.5

This 40 to 60 per cent of

The Semi-Direct systems direct 60 to

90 per cent of the light downward toward the work surface.

6

The Direct

7

system directs 90 to 100 per cent of the light downward.

2 American Institue of Architects, Illuminating Engineering

society, and the National Council on Schoolhouse Construction,
American Standard Guide ~ School Lighting, P• 18.
3tbid.

4 Ibid.

5 rbid.

6 Ibid.

7Ibid.
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Each system may possibly meet the requirements for a certain
situation, but none of them will meet the requirements for all of
the situations in the laboratory.

be used in certain situations.

Combinations of two systems might

The selection of one of these lighting

systems will depend on such factors as the design of the room, the
use to which the room is -put, the type of wall surface, the type of
paint used and of course, the color scheme of the room.
Levels of Illumination
The recommended levels of illumination for the various industrial
arts laboratories are:

drafting, 150 footcandles; all other laboratories

will vary between 50 and 100 footcandles, depending upon the difficulty
of the seeing tasks involved. 1
Reflectance
The light reflection property of a color depends on the lightness
or darkness (value) of the hue.

Different values are used to obtain the

proper reflectances for each part of the laboratory.
The dominant ref lectances for most industrial arts laboratories
are from 40 to 60 per cent, although, some of the individual parts of the
room will run much higher.

If the work is critical, such as in drafting,

the dominant ref lectances should be around the 60 per cent range.

In an

area such as woodworking, where the seeing task is less critical than in
drafting, the reflectance values could run lower, or in the 40 per cent
range.

1color Committee of the Illuminating Engineering Society, Color
and the Use :?!. Color .& the Illuminating Engineer (New York: Illuminating
Engineering Society, 1961), p. 6

1

The reflectances of each part of a room should be as follows:
walls, 40 to 60 per cent; ceilings, 70 to 90 per cent; floors, 30 to
50 per cent; fUrniture, 35 to 50 per cent; machines, 55 to 65 per cent;
and blackboards, up to 20 per cent. 1 It should be noted that these
reflectance values are designed to allow for a wide range of colors,
paints, and wall finishes.

Washable, non-glossy finishes should be used

for all surfaces to prevent distracting reflections and glare.
Reflectance Values
The reflectance values of the following colors a;re general and
will vary with the kind of paint and the type of wall surface.

The

reflectance values of hues, or pure colors, fall very low and should be
used only for occasional highlighting and spotlighting, because of their
extreme stimulating effect.
used colors are:

Some reflectance values of the more commonly

white, 84 to 90 per cent; cream, 70 per cent; ivory,

64 per cent; yellow, 60 per cent; buff, 56 per cent; pale green, 54 per
cent; and sky blue 65 per cent.2
Glare
Glare is a brightness condition which causes distraction, discomfort, or a reduction in visibility. 3

!American Institute of Architects, Illuminating Engineering
Society, and the National Council on Schoolhouse Construction, American
Standard Guide .£2! School Lighting_, p. 18.
2Faber Birren, Functional Color, (New York:
1937), p. 92.

The Crimson Press,

3.American Institute of Architects, Illuminating Engineering
Society; and the National Council on Schoolhouse Construction, American
Standard Guide for School Liqhtinq, p. 12.
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Th.ere are two types of glare, direct and reflected.

Direct

glare is a condition caused by too much light coming directly from the
source or its immediate surroundings.

This type of glare can be correc-

ted by reducing the amount of light coming directly from the source, or
by

increasing the brightness level of the room. 1 Reflected glare is a

condition caused by the reflection of light by the visual task itself.
This can be corrected by altering the distribution of light so that it
comes from outside the reflected glare area, or by increasing the illlllllination level of the room.2

In many cases just changing the color

scheme of a room can correct glare.

1Ibid., p. 13.
2Ibid., p. 16.
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Color Terminology
When speaking of color, it is very important that the terminology
conunonoly used in the study of color is understood.
I

Color is defined as, "a quality of visible phenomena, distinct
from fonn and from light and shade.•l
Hue is that attribute in respect to which colors may be
described as red, yellow, green, blue, or as an intermediate
between two of these, as red-yellow denotes a hue generally
resembling red and yellow.2
Value indicates the degree of lightness or darkness of a color.3
Chroma indicates the strength or saturation, the degree of departure of a particular hue from a neutral gray of the same
value.4
Colors can be divided into two classes, chromatic colors and
achromatic colors.

"Chromatic colors are the reds, browns, purples,

greens, and pinks." 5 . "Achromatic colors include black and white and the
series of grays between black and white.• 6
The term shade is defined as, •a color which, with respect to
brilliance only, resembles black more closely than median gray resembles black; -contrasted with tint.• 7
1websters ~ Collegiate Dictionary, p. 162.
~

.!!!.!

3color Committee of the Illuminating Engineering Society, Color
~ ~ Color .!:z. ~ Illuminating Engineer (New York:
Illuminating

Engineering Society, 1961), p. 2.
4Ibid.
5websters

~Collegiate Dictionary,

7rbid., p. 776.

p. 162.
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The tezm tint is, •a color graduation with reference ex:pecially
to the amount of white in the mixture; as, to mix blue paint until it is
several tints lighter.• 8
The tenn tone is defined as, •color quality or value; also, the
color which modifies a hue or white or black; as, a light tone of blue.•1
Afterimage is defined as, "A sensation occuring after the stimulus
causing it has ceased.• 2 Applied to color, this means that if you look
at one color and then shift your gaze you will see the opposite color.
The above tezms are conunonly used in discussing color.

The under-

standing of these tenns is important to the understanding of what color
is, and what it can do.

aIbid.,

p. 890.

1Ihid., p. 894.
2Ihid., p. 17.
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~

Psychological Effects

E.f.. Color

The schools of today should assist the learning process by
providing a clean, simple. light, colorful place in which students can
work with colorful attractive materials.

The effective use of color and

lighting is necessary in achieving this objective.
Psychol05tical Effects 2!,. Light

~

Color

Color and light are inseparably related, and because of this, the
strong psychological reactions of individuals to light naturally include
color.

The psychological effect of any color is produced by its hue

factor. 1 Colors can be wann or cold, calming or exciting; they may be
made to seem light or heavy; they may produce a marked effect of distance
or closeness, causing objects to advance or retreat. 2 Color can stimulate
gayiety, induce mental concentration, lighten and brighten a room, instill
habits of cleanliness, and reduce fatigue.
The Wellmann Chatl_ of Colors
The Wellmann Chart of Colors describes the emotional effects induced
by

the major colors. 3

A surmnary of this chart is given here to illustrate

the effect that colors can have on a person.
depression in most people.
ness.

Black produces feelings of

White gives an uplift, or a feeling of aware-

Gray gives the feeling of old age or decadence.

feelings of sorrow or melancholy.

Brown produces

It gives off wannth when mixed with

lBirren, p. 168.
2Dr. Walter Kohler, Lighting in Architecture, (New York:
Reinhold Publishing Corporation, 1959), p. 142.
3Edward Podolsky, M. D., The Doctor Prescribes Colors, (New York:
National Library Press, 1938), p. 40.
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certain other colors.
spirituality.

Blue stimulates thought, concentration, or

Green produces a sense of well being or abundance.

Red is symbolic of vigor, excitement, and danger.

Yellow induces

feelings of warmth, joy, and comfort.
Generally, heavy deep colors produce a dull, drab, atmosphere,
while bright colors produce a more cheerful atmosphere and are more conductive to learning efficiency.
liness.

The light bright colors promote clean-

Blue and green are cool colors, while buffs, pale yellows,

tans, and flesh colors produce the effect of warmth.

Blue-green colors

are soothing, while the reds and oranges are stimulating.

Pale red-

violet and pale yellow-green are neutral colors and have no temperature
factor.
These colors, when used properly, can create a desireable atmosphere in the industrial arts laboratory.

Students are more alert, and

get more accomplished in the same amount of time.
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~

Physical Effects of Color

Physical comfort is largely psychosomatic in nature.

In short, if

a person is comfortable emotionally, he will be comfortable physically •
Eye comfort is vital to both mental and physical comfort.
comfort is very important to both the student and instructor.

Eye
App-

roximately twenty two per cent of the public school students have eye
defects.

1

Therefore, the schools should place major emphasis on eye

comfort, and one way of doing this is to use proper selection techniques, and proper utilization of color.

Color plays a very important

part in the task of seeing and learning.
There are three areas in which color can be used to achieve eye
comfort.

These are:

Glare, contrast, and afterimage.

Glare
Glare occurs when the brightness of the area around the seeing
task exceeds the brightness of the task itself.

This situation can

be corrected by using colors that are not glossy and do not reflect
an excessive amount of light.

A darker color will absorb more light

than a lighter color, and therefore, can be used in some instances to
reduce glare.

Seeing is at its best when the brightness of the task

slightly exceeds the brightness of its surroundings.

One of the ways

that this can be accomplished is with proper color utilization, especially when the lighting is a fixed factor.
!Faber Birren, Color Psycholosy and Color Therapy. (New York:
McGraw Hill Book Company, 1950J, p. 233.
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Contrast
Great color contrasts are undesireable, because the pupil of the
eye is required to adjust itself to the differences in the light
reflected by dark and light surfaces.

If the pupil of the eye is re-

quired to do this often, eye strain or eye fatigue are the result.

The

seeing task should never be in great contrast with its surroundings,
because of this reason.

Dark colored walls, for example, would not be good

in a machine laboratory where shiny metal parts are being worked on.
The contrast produced, would be too great.
Aft~rima~e

Afterimage results from using hues that are not complementary.
If, after looking at one color for a short period of time, the eyes are
focused on a light neutral surface, the opposite color will be seen.
This condition can hamper the work of a student, especially where the
work is critical, and should be avoided.

Afterimage can be eliminated

only by treating the laboratory with complementary hues of a specific
value. 1
lBirren, Functional Color, p. 144.
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Color Selection
Influencing Factors
The selection of colors for a particular room depends upon several
things:

the kind, nature, and tempo of the work to be done; whether the

students are male or female, and often, even the geographical area will
merit some consideration.

Other factors to be considered are:

the kind

of equipment to be used, the size of the laboratory, the source of lighting, and the nonnal room temperature.

If the students using a room are

doing work that requires concentration, then a color such as blue, should
be used, because blue induces concentration.

If the students are to be

male and female, a color such as peach, which appeals to both sexes, could
be used.

If the particular school room is located in the south where the

temperature is warm the year around, a color that is cooling, such as green
should be used.

If the laboratory is large, a color should be used that makes

the room appear larger.

If soft white flourescent lamps are the source

of lighting, then cream, ivory, or beige color should be used.

All of

these factors must be considered if the desired results are to be obtained.
Color of Laboratory Components
Walls:

Under most circumstances the walls play a minor role in

light reflection, so they are reserved for color, and are used to create
a comfortable emotional environment.

However, in some instances, the

upper walls can be painted white for reflectance purposes, and the lower
walls can be utilized for color.

In selecting wall colors, care must

be taken to shoose a color that is light enough to reflect a sufficient
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amount of light, but dark enough to prevent glare.

The wall color must

not be in great contrast with the work being done in the room.

Colors

having reflectance values of 50 to 60 per cent are recommended for walls
directly in line with the students eyes. 1
Soft colors, such as, blue, light green, buff, or light gray are
used for walls that are in line with the students vision.

1'1here exacting

work is done, the end walls may be painted with a complementary color.
This practice relaxes the eyes when the students look up.
Ceilings:
ceilings.

A flat white is generally recommended for painting

White has a high reflectance value and is important in obtain-

ing unifonn lighting.

This is especially important if the most efficiency

is to be derived from the indirect lighting.
Floors:

Floors should be painted so that they do not provide

distraction or contrast with the walls.

A light gray is generally rec-

ommended with a reflectance value of at least 25 per cent.2
Machines:

A wide variety of colors are available for machines.

Several of the large paint companies have developed paints especially
for machinery.

The color scheme developed

by

the Pittsburg Plate

Glass Company is one example of the colors used.

The body of the machine

is painted a Vista Green, handwheels and levers are Focal Beige, and
all switches and guards that represent cutting or crushing hazards are
Focal Orange.2

Reflectance values for machines should be kept within

the 25 to 40 per cent range. 3
Furniture:

Other materials; desks, and similar equipment, should

be painted to coincide with the work to be done.

!National Safety Council, Data Sheet 219.

They should have
2Ibid.

3Pittsburg Plate Glass Company, Pittsburg Color Dynamics, (Pittsburg,
Pennsylvania: Pittsburg Plate Glass Company).
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about the same reflectance value as the machines, but ca.re must be
taken to avoid great contrasts with the task to be done.

All glossy

surf aces should be avoided.
Results

.£!. Proper Color Utilization
According to various testing programs, the use of color can

raise scholastic averages as much as 33 per cent within the period of
one year.l other tests indicated that teacher and student attitudes
improved considerably after the introduction of a well planned, well
organized, color program.

Absenteeism and tardiness decreased, although,

proof that this was caused by the use of color alone was not sufficient
to make any definite claims.
1Pittsburg Plate Glass Company, ucolor J?.xnamics Treatment Raises
Scholastic Ratin~," Pittsburg Plate Glass News, (Pittsburg, Pennsylvania:
Pittsburg Plate Glass Company, 1963).
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Safety Color Codes
Safety plays an important role in any school program, but it is
especially important in the industrial arts laboratory.
For many years color has been used for safety purposes.

Red

stands for danger, green stands for safety, and yellow stands for
caution.

These colors have been used for some time in places like

traffic lights and road signs, yet it wasn't until the early forties
that these colors were organized into a program and used in industrial
plants and schools for safety purposes.
Today there are various safety color codes being used throughout
the world.

For the most part they are almost identical, but there are

a few minor differences.

The Pittsburg Plate Glass Company, the E. I.

duPont deNemours Company, and the National Safety Council, all advocate
slightly different codes.
The code advocated by the National Safety Council in conjunction
·1

with the American Standards Association is given here.- It should be
noted that anyone who attempts to devise their own safety color code
should follow, as closely as possible, the one advocated by the National
Safety Council.

This promotes uniformity and prevents serious errors

by maintenance workers.
The colors used are:
green.

Red, yellow, black, blue, white, orange, and

Ked is used to mark the location of all fire fighting equipment.

Yellow is used for marking moving overhead objects and busy isles.
1National Safety Council, ~ ~ 219.

p. 2.

When
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used in combination with black

as

parallel stripes, it is used to identify

striking, stumbling, and falling hazards.

wnite is used primarily for

marking storage areas to ensure that first aid and fire equipment are
easily accessible.

Orange is used on machine guards or moving parts that

extend into isles.

Cutting and crushinq edges should be identified with

an oninge stripe.

The interiors of electrical switchbox doors and emer-

gency switches on machines should also be painted orange.
color.

Blue is a caution

Blue signs or tags are used to identify machinery beinq repaired,

machinery that is out of order, and to warn against moving equipnent that
is being worked on.

Purple has also been added to identify radio active

materials and their location. 1 All first aid stations are marked with
green.

A

white cross on a green background identifies all first aid

cabinets, rooms, and other safety equipment.l
Pipinq Systems
The American Standards Associations code for the identification
of piping systems is based on the colors:
green.

Red, orange, yellow, blue, and

Red identifies fire protection materials, orange or yellow

depicts dangerous materials, green, white, black, gray, or aluminum
designates safe materials, and blue identifies protection materials or
antidotes for acids and other dangerous materials.2
This code is not for use on electrical conduit, underground pip..
ing, or piping carrying solids, 3 There are several methods that may be
used to identify the contents of a piping system.

The pipes may be

painted at the valves, flanges, and couplings; a band of the correct
color can be painted where the pipes enter a.Il;d leave the walls, floors,
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or ceilings; bands can be painted at intervals along the pipe; and if the
pipes are less than three-fourths of an inch in diameter, tags or discs
of the appropriate color may be used.l
Legends
The contents of a piping system can be further identified by
means of a lettered legend indicating the name of the material in full,
or in abbreviated form.

Other information, such as, the hazard or use

or the contents of the system may also be given.
letters should be:

The color of the

White on red, black on yellow, black on green, and

white on blue.2
The size of the letters will depend on the size of the pipes.
For pipes up to three-fourths of an inch in diameter, the letters should
be one-half inch high.

As the pipe size increases, so should the size

of the letters, up to three and one-half inch letters for pipe over ten
inches in diameter. 3
Signs
The colors for signs should follow those used in the safety color
code.

Red should be used for signs used for warning of special danger.

Yellow should be used for signs of caution; green for signs of safety;
and black on white for general directions.
on a red oval background.

Danger signs should be white

Below it the danger should be printed in

black letters on a white background.

On caution signs, the work, •caution•,

should be in yellow against a black background. 4 The reason for caution
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should be in black letters on a yellow background.

Safety signs should

have a headline in white letters on a qreen background, with the instructions in black letters against a white background.

Signs giving directions

should have white arrows on a black background, except for exits, which
should have white letters on a green background.
be printed in black on a white background.!

Other directions should

22

Conclusion
Learning can be influenced by a great many factors, among them,
color should be considered to be very important.

The improper use of

color in the industrial arts laboratory can be dangerous, as well as,
unhealthy.
obtained:

When color is applied correctly, the following results can be
The emotional stability of the student will be improved;

fatigue, both physical and mental, will be ren'uced; and this in turn,
will greatly reduce accidents.
Color can promote comfort, security, and well being.

It can

motivate; change the appearance and relative size of an object or room;
stimulate activity; change the comfort level of a room; reduce afterimage; camouflage and highlight objects; and improve student attitudes.
The fact that several of the large paint companies have spent a
considerable amount of time, and money, in the development of special
facilities and personnel for planning school color schemes, goes to
illustrate the importance of the proper use of color in the school.
These paint companies have color consultants that will evaluate a school,
make a complete report, as to what colors should be used, and they will
do this free of charge.

It would be very wise for any school to take

advantage of this because these people are trained in this field.
In all it seems that if color is utilized as an organized, well
planned program, learning will increase and accidents will decrease.
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